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« Spectra of polarmotion excitation functions exhibit
enhanced power in fortnightly tidal band

« 1 his enhanced power is &l ibuted {o o¢es n ticel excitetion

« Upon subtracting atmospheric wind and pressure
effects, fits for periodic terms at the Mf and Mr’
tidal frequencies are obtained and compared to
predictions of ocean tide models

« Ocean tide models predict poler motion excitetion effects
thet giffer with cach other, &no with obgervetions, by factors
ac large gg 2-3

¢« Need improved models for effect of long-period
ocean tides on Earth’s rotation



APPROACH

« Polar motion excitation function
« Uece that derived from SPACE S poler motion velues

« SPACES5 is a Kalman filter-based combination of space-
geodetic Earth rotation measurements

« Spane 1076.8 1¢¢h &t 1-cey intervels

« Remove effecis of aimospheric wind and pressure

« Uee the NCEP/NCAR tcanelysic stimosphoric engulet
momentum velues

+ Spans 1879-1995 at 6-hour intervals

« Pressure term usco ie thet computed assuming oceansg
respond as inverted baromecter 1o imposcd stmosphetic
pressure changes

« Least-squares fit for periodic terms at tidal
frequencies 1o SPACES5-AAM residual series

« Tit for mean, ttend, ano petiodic terms @ the tenmensuel
(M@ and M), {fortnightly (Mf &nd MT'), monthly (M),
semiannual (Ssa), end annvel (S&) ticel freguencics

<« Fit to entire 17-year spen of SPACESH AAM resicdusl series

« Data set spanning about 18.6 years must be used in order to
resolve periodic terms at the M9 and M9’ tidal frequencies, or at
the Mf and Mf' tidal frequencies, since that is their beat period

« Compare recovered empirical lidal effects with
those predicted by ocean tide models

¢ Sciler (1€21) as analyzed for poler motion efiecis by Gross
(1¢eR) and Brosche & Winsch (1¢¢4)

« Dickman (1923) « Desei (1¢06)
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SPACE95 EARTH ORIENTATIONSERIES

» A combination of space-geodetic Earth rotation measurements
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Yoder et al. [1981] model used o remove effect of a! long period solid Earth tides
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Dickman [1993] model used to remove ocean tidal corrections o he Yoder et al.

mode! values at the Mf, Mf', Mm, and Ssa tida! frequencies

L 4

Herring [1993] empirical model used to remove effect of semidiurnal and diurnal ocean
tides on NOAA's IRIS "Intensive" UT1 values
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OCEANIC RESPONSE TO ATMOSPHERIC
SURFACE PRESSURE FLUCTUATIONS

» How do oceans transmit atmospheric surface pressure fluctuations to
ocean bottom?

* For AAM pressure term, need nressure evaluzied 2t crusts! surfone

» inverted barometer assumption

m x e, x H ”
~ cean reannonze o posed 2tmosneric surface nreazure Tuostostonag in guah Mo
1 ~ ki Ay AT L "
oregssure 2t ocezr HoMom doag not ohorae
r L4 &
~ Genarally meld ‘o e v2lid » ong ver ods > 2 favr Fava

.
- ~yepf re 2 H Lyelt 13 N2 g pELAS LS LES »y A A
e guriace wressure fluctuatiors TUlly frargmitiad feithoot ptomes Son e

~ AAM pressure terms are available that have been computed under
each of these assumptions

» AAM pressure term compuied under inverted barometer assumption
chosen for use here
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Observed & Predicted Effects of Long-Period Ocean
Tides on the Polar Motion Excitation Function (1)

Prograde Retrograde
Amplitude Phase Amplitude  Phase
(mas) (degrees) (mas) (degrees)
M9’ (9.12-day)
SPACE95-AAM 0.68 + 0.30 -6 + 25 0.60 + 0.30 141 + 28
Gross et al. (1996) 0.54 + 0.45 38 3 48 0.21 + 045 79 + 126
Dickman (1943) 6.13 73 0.21 16
(13-day
\CE95- A M 0.22 + 030 19 3 78 0.33 + 0.30 -37 + 52
Gross et al. (1996) 0.47 + 0.45 -“30 #+ 55 0.41 + 0.45 ~95 + 63
Dickman (19¢3) 0.32 73 0.52 ikh
Mf' (-3.63-day)
SPACEY95-AAM 1.37 & 0.30 30 =+ 13 1.36 + 0.30 69 - 13
Gross et al. (1996) 1.61 + 0.45 56 + 16 2.01 4 0.45 87 + 13
Dickmen (1993) 0.6L2 100 0.71 &
Seiler/Gross (1993) 0.72 5b 0.59 72
Mf (13.66-day)
SPACE95-AAM 1.69 &+ 0.30 116 & 10 2.58 * 0.30 31 = 7
Gross et al. (1996) 0.86 + 0.45 ©3 + 30  2.73 = 0.45 14 + 10
Dickman (1963) 1.26 J00 i.72 £
Seiler/Gross (1993) 1.72 hE 1.44 72
Desai (1996) 3.41 158 1.73 -4
Mm (27.55-da
SPACE®S5--AA 0.65 = 0.30 95 1 26 098 =+ 0.30 -55 = 17
Gross et al. (1996) 0.76 = 0.45 4¢ 2 35 0.82 + 0.45 -59 2 32
Dickiman (j0¢3) 0.47 i%6 0.28 -
Seiler/Gross (1993) 0.78 74 0.¢2 28
Desai (1996) 1.15 -50 0.90 153

Observed values are in blue. Model predictions are in green,red, black,

Quoted uncertainties in observed values are I-sigma formal errors.

Prograde (p) and retrograde (r) amplitudes A and phases a defined by:
() = A, % ¢ 00+ 4 ~i 0(D)

a,e

where ¢(t)is the tidal argument.




RESULTS

At each tidal frequency, the different observed
results, which are based upon different polar
motion and AAM data sets spanning different time
intervals, agree to within about 16 of each other

At the Mm, M9, and M9’ tidal frequencies, the
SPACE95-AAM residual spectrum shows no
enhanced power, but the recovered amplitudes are
somewhat larger than the formal error

« Formel en or may be undercstimeted by factor of about 2.3

Since no resonances in the ocean are expected
between the nearby Mf and Mf' tidal frequencies,
the observed prograde (or retrograde) phases at
these frequencies should agree with each other

« Retrograde phascs Giffct by 36¢ 01 “i Lo
« Progradce phases difier by 86°, o1 3.380

« 1 hug, prograde (rctiograce) phases soree with each other
{o within about 3o (or 1o within ebout 1 inflated o)

Model predictions differ with each other, and with
observations, by factors as large as 2-3

Discrepancies betweenmodel predictions, and
between predictions and observations, illustrate
the need for improved models for effect of long-
period ocean tides on the Earth's rotation




ACKNOWLEDGMENTS

The work of RSG and SDID described in this poster
paper was performed at the Jet Propulsion
Laboratory, California Institute of Tectinology, under
contract with the National Aeronaulics and Space
Administration.



